In this paper, a micro-strip fed slot antenna array for application in the 2.4GHz industrial, scientific and medical(ISM) band is implemented using the Ansoft HFSS software. Standard formulas are used to calculate different antenna parameters. The proposed antenna is designed to work at 2.4GHz frequency band. A half power beam width(HPBW) of 57°. A bandwidth of around 7.7% is attained. This may have been brought about by poor impedance matching and a high level of surface waves. A way of improving the bandwidth would have been to use proximity coupling feeding method which offers the highest bandwidth and is somewhat easy to model and has low spurious radiation. However, its fabrication would have been more difficult. A directivity of 2.01 dB is achieved. This is a fairly high though directivity increase could have been studied through use of different substrate material and thickness. Adjusting length and width of narrow slot loop antenna will influence on the resonance frequency and bandwidth. By using HFSS software, the characteristics of antenna are investigated and analyzed, including voltage standing wave ratio (VSWR), return loss and far field radiation patterns.
INTRODUCTION
An antenna is generally a bidirectional device, that is, the power through the antenna can flow in both directions, coupling electromagnetic energy from the transmitter to free space and from free space to the receiver, and hence it works as a transmitting as well as a receiving device, that is, by reciprocity. Transmission lines are used to transfer electromagnetic energy from one point to another within a circuit and this mode of energy transfer is generally known as guided wave propagation. An antenna can be thought of as a mode transformer which transforms a guided-wave field distribution into a radiated-wave field distribution.
A slot antenna consists of a metal surface, usually a flat plate, with a hole or slot cut out. When the plate is driven as an antenna by a driving frequency, the slot radiates electromagnetic waves in a way similar to a dipole antenna. The shape and size of the slot, as well as the driving frequency, determine the radiation distribution pattern. A slot antenna's main advantages are its size, design simplicity, robustness, mechanically robust when mounted on rigid surfaces, compatible with monolithic microwave integrated circuit(mmic) designs and convenient adaptation to mass production using pc board technology. Unique features of these antennas are horizontal polarization and omnidirectional gain around the azimuth. Slot antennas exhibit wider bandwidth which is approximately 10-20%, lower dispersion and lower radiation loss compared to microstrip antennas. The slot antennas can be fed by microstrip line, slot line or coplanar waveguide(cpw). In this paper, the design of slot antenna is fed by micro-strip line
In a conventional micro-strip line-fed slot antenna, a narrow rectangular slot is cut in the ground plane and the slot is excited by a micro-strip feed line with a short or an open termination. With this feed configuration, a good impedance match has been achieved with a narrow slot, and a bandwidth of approximately 7.7% has been obtained. However, as the width of the slot increases, the radiation resistance of the slot antenna also increases proportionately. This, in turn, reduces the impedance bandwidth of the antenna, even though the size of the slot is larger. There is a possibility of increasing the bandwidth of a wide slot antenna by terminating the open end of the feed line within the width of the slot, although substantial bandwidth improvement has not been achieved. The conventional feeding structures of conventional transverse slot antennas are center feeding and offset feeding. The center feed has a larger value of radiation impedance than an offset feed. It means that the bandwidth of a center feed antenna is less than for an offset fed antenna. Some works discuss the design of slot antenna can be found in [1] [2] [3] [4] [5] [6] .
DESIGN METHODOLOGY
A rectangular slot is chosen as the basis of the design because of its ease of fabrication and analysis. The micro-strip line is used as the feeding method as it is easy to fabricate, simple to match by controlling the inset feed position and rather simple to model. The antenna is designed to work in the 2.4GHz ISM band which has a frequency range of 2.5-2.6GHz, a center frequency of 2.58GHz, and a bandwidth of 100MHz.
Design Procedure
The Flame Retardant(FR4) Glass Epoxy, whose loss tangent is 0.002, is chosen as the dielectric material substrate.
To commence the design procedure assumes, specific information had to be included: dielectric constant of the substrate ( , the resonant frequency and the height of the substrate, .
For an efficient radiator, the practical width that leads to good radiation efficiencies is where λ is the dielectric wavelength. The initial values (at low frequencies) of the effective dielectric constant are referred to as the static values, and they are calculated as TECHNOLOGICAL ENGINEERING volume XVI, number 1/2019 ISSN 1336 -5967 DOI: 10.1515/teen-2019-0010
The actual length of the slot is determined by solving as,
For efficient transfer of power from a transmission line to the slot antenna, the input impedance of the slot antenna needed to be matched to the characteristic impedance of the transmission line. It is observed that impedance seen by a transmission line attached to the radiating edge increased as one moved towards the center of the slot. Therefore, depending on the characteristic impedance of the transmission line, an appropriate point on the slot is chosen through calculation as the feed point. An off-the center feed is used with distance from the edge calculated as:
Ground Plane
As part of the antenna, the ground plane should be infinite in size as for slot antenna but in reality this is not easy to apply besides a small size of ground plane is desired. In practice, it has been found that the microstrip impedance with finite ground plane width is practically equal to the impedance value with infinite width ground plane, if the ground width > 3*W. The size of the ground plane is chosen as .
Microstrip Discontinuities
Surface waves are electromagnetic waves that propagate on the dielectric interface layer of the microstrip. The propagation modes of surface waves are practically transverse electric(TE) and transverse magnetic(TM). Surface waves are generally at any discontinuity of the microstrip. Once generated, they travel and radiate, coupling with other microstrip of the circuit, decreasing isolation between different networks and signal attenuation. Surface waves are a cause of crosstalk, coupling, and attenuation in a multi-microstrip circuit. For this reason surface waves are always an undesired phenomenon.
A discontinuity in a microstrip is caused by an abrupt change in geometry of the strip conductor, and electric and magnetic field distributions are modified near the discontinuity. The altered electric field distribution gives rise to a change in capacitance, and the changed magnetic field distribution to a change in inductance.
Micro-strip feed and distance between elements
For the 2-element array of Fig.1 (to be placed) to implement an even number of in-phase slot elements, the feed network needed to be carefully designed. The distance from the 50-ohm Sub-Miniature version A(SMA) source to each slot element needed to be identical or multiples of λ. Unequal line lengths would have produced phase shifts, which would yield fixed beams that would be scanned away from the broadside. The 50-ohm micro-strip line is fed using a 50-ohm SMA. In the design of an effective in-phase radiator, the distance between the slot elements needed to be optimized to yield a peak gain. A separation distance of λ /2 as providing the optimal gain. In the design, this separation is used as 35mm.
Matching Microstrip Lines to Source
The characteristic impedance of a transmission line of the micro-strip feed was designed with respect to the source impedance. The characteristic impedance of the transmission line from the source with respect to the source impedance was
Quarter-Wave Transformer
For the input impedance of a transmission line of length L with a characteristic impedance and connected to a load with impedance :
When the length of the transformer is a quarter wavelength;
Hence by using a transmission line with a characteristic impedance of 50-ohms, the 50 ohm inset feed line is matched to
Where = Characteristic impedance of the quarterwavelength transformer
This ensured that no power would be reflected back to the SMA feed point as it tried to deliver power to the antenna.
The length of the quarter wavelength transformer is calculated as
Simulation
The antenna array is designed using the Ansoft HFSS 13.0 software. HFSS is a 3D full wave electromagnetic field simulator. HFSS uses a numerical technique called the Finite Element Method (FEM). This is a procedure where a structure is subdivided into many smaller subsections called finite elements. The finite elements used by HFSS are tetrahedra, and the entire collection of tetrahedra is called a mesh. A solution is found for the fields within the finite elements, and these fields are interrelated so that Maxwell's equations are satisfied across inter-element boundaries yielding a field solution for the entire, original, structure. Once the field solution has been found, the generalized S-matrix solution is determined. It can calculate and plot both the near and far field radiation and compute important antenna parameters such as gain and radiation efficiency. This software is used to vary the sizes of the slot. Fig.1 illustrates the 2-element slot antenna HFSS model. The value of the VSWR should lie between 1 and 2. VSWR is used as an efficiency measure for transmission lines, electrical cables that conduct radio frequency signals, used for purposes such as connecting radio transmitters and receivers with their antennas. 
Smith Chart
The smith chart is a graphical representation of the normalized characteristic impedance. It provides the information about the impedance match of the radiating slot. The smith chart for the designed slot antenna array shown in Fig.3 , shows an input impedance of 50.78+10.5i ohms at resonant frequency 2.58 GHz. The magnitude of the input impedance is 51.85 which showed that accurate matching is not achieved. This is due to shifting of the inset feed position away from the edge of the ground plane. Fig.4 shows the reflection coefficient [S11] of the proposed antenna in dB. S11 gives the reflection coefficient at the inset feed position where the input to the micro-strip slot antenna is applied. It should be less than -10dB for an acceptable operation. It shows that the proposed antenna had a frequency of resonance of 2.58GHz.
Figure 4. Return loss S11 obtained for the slot antenna array
The simulated impedance bandwidth of about 200MHz (2.5022-2.7023 GHz) is achieved at −10dB reflection coefficient (VSWR≤2). The reflection coefficient value that is achieved at this resonant frequency was equal to -15.33dB. This reflection coefficient value suggested that there is good matching at the frequency point below the -10dB region.
Variation of slot length and width
Dimensions calculated in the design procedure are used to create a 2-element slot antenna array. In order to shift the S11 minima towards the desired center frequency, the length and width of the slot are varied. At designed frequency of 2.58 GHz, the width of slot antenna is varied in five values beginning from 5.0 mm to 7.0 mm by step up 0.5 mm, and length is adjusted for match impedance. The simulation results of return loss S11, resonance frequency and bandwidth are tabulated in Table 1 . It shows that the changing in width of slot antenna will affect the resonance frequency. When the width of slot is increased, the resonance frequency will decrease and bandwidth is wider. Therefore, if we increase the width of slot, the length of slot should be decreased in order to achieve the same resonance frequency and wider bandwidth.
Radiation Pattern
The radiation patterns in the E-plane, and are shown in Fig.5 and Fig.6 , respectively. Table 2 shows a summary of the antenna parameters from the HFSS software. The directivity and efficiency are 2.0109 and 62.5%, which gave a gain of the antenna as 1.25. The front to back ratio is 1.2224.
Table 2 Summary of antenna parameters
The Fig.7 shows E-plane and H-plane from which the antenna has two main lobes which were 180° out of phase with each other. It is used to determine the halfpower beam widths for the radiation patterns as the peaks and 3 dB points below them could easily be picked.
Figure 7. E-Plane and H-Plane patterns in rectangular coordinates 4 Conclusion
A modified slot antenna fed by a 50Ω micro-strip line was presented in the paper. In addition, the size of the implemented antenna array can be increased. Moreover, the two rectangular slots are embedded on the ground plan to increase antenna gain. With optimized antenna geometry, the implemented antenna offers a bandwidth of 7.7%. By properly calculating slot dimensions and tuning the dimension parameters with simulation software, improvements can be made on the gain, bandwidth and radiation pattern. The implemented antenna is feasible for use as a low profile, low cost antenna for wireless applications in the ISM band.
